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(57) ABSTRACT

A capability for determining an offset of a wireless access
node is presented. The determined offset of the wireless
access node may be used by a location determination process
associated with the wireless access node and configured to
determine locations of mobile wireless devices that are com-
municating via the wireless access node. The offset of a
wireless access node may be determined by determining a
known location of a device when the device communicates
via the wireless access node, determining an estimated loca-
tion of the device when the device communicates via the
wireless access node where the estimated location of the
device is determined using the location determination process
associated with the wireless access node, and determining the
offset ofthe wireless access node based on the known location
of the device and the estimated location of the device.

21 Claims, 4 Drawing Sheets
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WIRELESS ACCESS NODE CALIBRATION
CAPABILITY FOR IMPROVED MOBILE
WIRELESS DEVICE LOCATION ACCURACY

TECHNICAL FIELD

The disclosure relates generally to communication net-
works and, more specifically but not exclusively, to calibra-
tion of a wireless access node of a wireless communication
network.

BACKGROUND

Mobile wireless devices access communication networks
via wireless access nodes, such as via base stations in cellular
wireless communication networks, via wireless access points
in Wireless Fidelity (WiFi) networks, or the like. There are
various services and applications which may make use of the
geographic location of a mobile wireless device, and there are
several types of location determination processes by which
the location of a mobile wireless device may be determined
for use in supporting such services and applications. Most, if
not all, such location determination processes rely on accu-
rate calibration of the bias or offset that is introduced by the
wireless access node via which the mobile wireless device
communicates. For example, while a time-of-arrival (ToA)
measurement from a base station to a cellular device (e.g., a
cellular phone, a smartphone, or the like) may be used to
estimate the location of the cellular device, this ToA measure-
ment includes an offset introduced by the base station due to
internal delays of the base station. While existing mecha-
nisms for calibration of a wireless access node attempt to
measure these delays for various modules of the wireless
access node (e.g., each radio frequency (RF) module of a base
station), and reduce them to acceptable levels, this is a com-
plex process and accuracy is not guaranteed. In addition,
environmental factors associated with a wireless access node
can introduce additional offset that is unique to the wireless
access node and that is not accounted for by existing mecha-
nisms for calibration of a wireless access node.

SUMMARY OF EMBODIMENTS

Various deficiencies in the prior art may be addressed by
embodiments for determining an offset of a wireless access
node.

In at least some embodiments, an apparatus includes a
processor and a memory communicatively connected to the
processor, where the processor is configured to determine an
offset of a wireless access node. The processor is configured
to determine a known location of a device for a communica-
tion received at the wireless access node from the device. The
processor is configured to determine, based on a location
determination process associated with the wireless access
node, an estimated location of the device for the communi-
cation received at the wireless access node from the device.
The processor is configured to determine an offset of the
wireless access node based on the known location of the
device and the estimated location of the device.

In at least some embodiments, a method includes using a
processor and a memory for determining an offset of a wire-
less access node. The method includes determining a known
location of a device for a communication received at the
wireless access node from the device. The method includes
determining, based on a location determination process asso-
ciated with the wireless access node, an estimated location of
the device for the communication received at the wireless
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access node from the device. The method includes determin-
ing an offset of the wireless access node based on the known
location ofthe device and the estimated location of the device.

In at least some embodiments, a computer-readable storage
medium stores instructions which, when executed by a com-
puter, cause the computer to perform a method for determin-
ing an offset of a wireless access node. The method includes
determining a known location of a device for a communica-
tion received at the wireless access node from the device. The
method includes determining, based on a location determina-
tion process associated with the wireless access node, an
estimated location of the device for the communication
received at the wireless access node from the device. The
method includes determining an offset of the wireless access
node based on the known location of the device and the
estimated location of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings herein can be readily understood by consid-
ering the detailed description in conjunction with the accom-
panying drawings, in which:

FIG. 1 depicts an exemplary wireless communication sys-
tem configured to support a capability to determine an offset
of a wireless access node;

FIG. 2 depicts an embodiment of a method for determining
an offset of a wireless access node;

FIG. 3 depicts an embodiment of a method for determining
an offset of a wireless access node; and

FIG. 4 depicts a high-level block diagram of a computer
suitable for use in performing functions presented herein.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments common to the figures.

DETAILED DESCRIPTION OF EMBODIMENTS

Mobile wireless devices access communication networks
via wireless access nodes, such as via base stations in cellular
communication networks, via wireless access points (WAPs)
in Wireless Fidelity (WiFi) networks, or the like. There are
various services and applications which may make use of the
geographic location of a mobile wireless device, and there are
several types of location determination processes by which
the location of a mobile wireless device may be determined
for use in supporting such services and applications for the
mobile wireless device. Most, if not all, such location deter-
mination processes rely on accurate determination ofthe bias,
or offset, that is introduced by the wireless access node with
which the mobile wireless device is communicating. In at
least some embodiments, a capability is provided for deter-
mining an offset of a wireless access node (e.g., for use by a
location determination process configured to determine loca-
tions of mobile wireless devices communicating via the wire-
less access node). In at least some embodiments, the offset of
a wireless access node is determined using a location deter-
mination process associated with the wireless access node. In
at least some embodiments, the offset of a wireless access
node is determined by determining a known location of a
device for a communication by the device via the wireless
access node, determining an estimated location of the device
for the communication by the device via the wireless access
node where the estimated location of the device is determined
using a location determination process associated with the
wireless access node, and determining the offset of the wire-
less access node based on the known location of the device
and the estimated location of the device. Various embodi-
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ments of the capability for determining the offset of'a wireless
access node using a location determination process associ-
ated with the wireless access node enable the wireless access
node to achieve better location accuracy while reducing or
even eliminating the need to calculate or calibrate the com-
plex internal delays in the wireless access node. These and
various other embodiments of the capability for determining
an offset of a wireless access node may be better understood
by way of reference to the exemplary wireless communica-
tion system of FIG. 1.

FIG. 1 depicts an exemplary wireless communication sys-
tem configured to support a capability to determine an offset
of a wireless access node.

The wireless communication system 100 includes a wire-
less access node 110, a communication network 120, and a
location based server 130. The wireless communication sys-
tem 100 also includes a test device 140 and a destination
device 150. As depicted in FIG. 1, wireless access node 110,
location based server 130, and destination device 150 are
communicatively connected to the communication network
120. It will be appreciated that, although primarily depicted
and described with respect to a single wireless access node
110, the wireless communication system 100 may include
one or more additional wireless access nodes (which are
omitted for purposes of clarity). It also will be appreciated
that although primarily depicted and described with respect to
use of a single test device 140 and a single destination device
150 to determine an offset of wireless access node 110, one or
more additional test devices 140 or one or more additional
destination devices 150 (again, which are omitted for pur-
poses of clarity) may be used to determine an offset of wire-
less access node 110.

The wireless access node 110 is configured to operate as a
wireless point of access for mobile wireless devices located
within wireless range of the wireless access node 110 (which
are omitted for purposes of clarity). For example, wireless
access node 110 may be a base station of a cellular commu-
nication network (e.g., a base transceiver station (BTS) of a
Code Divisional Multiple Access (CDMA) network, a NodeB
of'a Universal Mobile Telecommunications System (UMTS)
network, an evolved NodeB (eNodeB) of a Long Term Evo-
Iution (LTE) network, or the like), a wireless access point
(WAP) of a Wireless Fidelity (WiFi) network, or any other
suitable type of wireless access node. For example, the types
of mobile wireless devices which may access wireless access
node 110 may include cellular phones, smartphones, tablet
computers, laptop computers, or the like. The typical opera-
tion of wireless access nodes and mobile wireless devices will
be understood by one skilled in the art.

The communication network 120 may include any com-
munication network(s) suitable for communicating with a
wireless access node, such as wireless access node 110. For
example, communication network 120 may include a portion
of'a wireless access network (e.g., wireless access backhaul),
a wireless core network, a public data communication net-
work (e.g., the Internet), a private data communication net-
work, or the like, as well as various combinations thereof.

The location based server 130 is configured to provide
location-based services for mobile wireless devices commu-
nicating via wireless access nodes of wireless communication
system 100 (illustratively, via the wireless access node 110).
In general, location-based services are a general class of
services that make use of the geographic locations of mobile
wireless devices to provide various services and service
enhancements for the mobile devices. For example, various
applications run by mobile wireless devices, such as smart-
phones and tablets, may make use of location-based services
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to provide functions such as identifying businesses located
nearby (e.g., a nearby gas station or restaurant), providing
location-based commerce, providing personalized location-
based weather reports, or the like, as well as various combi-
nations thereof. It is noted that, in at least some types of
wireless communication networks, some or all of the loca-
tion-based services typically provided by a location-based
server may be provided by one or more of the wireless access
nodes instead of a location-based server, may be provided by
one or more of the wireless access nodes in addition to or in
conjunction with a location-based server, or the like.

The wireless communication system 100 supports a loca-
tion determination mechanism that is configured to determine
geographic locations of mobile wireless devices communi-
cating via wireless access node 110 of wireless communica-
tion system 100. The location determination mechanism of
wireless communication system 100 may be provided using a
location determination process or processes available on
wireless access node 110 (illustratively, location determina-
tion process 160,;), a location determination process or pro-
cesses available on location based server 130 (illustratively,
location determination process 160,), or the like, as well as
various combinations thereof. The location determination
process 160 . of wireless access node 110 may be configured
for use by the wireless access node 110 to determine the
geographic locations of mobile wireless devices communi-
cating via wireless access node 110. It is noted that, where
wireless communication system 100 includes one or more
other wireless access nodes, some or all of the one or more
other wireless access nodes also may include a location deter-
mination process or processes, respectively. The location
determination process 160, oflocation based server 130 may
be configured to determine the geographic locations of
mobile wireless devices communicating via any wireless
access nodes for which the location based server 130 is con-
figured to provide location based services (e.g., wireless
access node 110, and any other wireless access node(s) for
which location based server 130 is configured to provide
location based services). For example, where wireless access
node 110 includes location determination process 160, the
wireless access node 110 may not need to request that the
location based server 130 use location determination process
160, to determine geographic locations of mobile wireless
devices on behalf of wireless access node 110 (or the location
based server 130 may not even include the location determi-
nation process 160;). Similarly, for example, where wireless
access node 110 does not include location determination pro-
cess 160, the wireless access node 110 may be configured to
request that the location based server 130 use location deter-
mination process 160, to determine geographic locations of
mobile wireless devices on behalf of wireless access node
110. The location determination process 160, and the loca-
tion determination process 160, each may be considered to be
associated with wireless access node 110 in that either or both
of location determination process 160, or location determi-
nation process 160, may determine the locations of mobile
wireless devices communicating via wireless access node
110. The location determination process 160, and the loca-
tion determination process 160, may be referred to collec-
tively as location determination processes 160. It will be
appreciated that a location determination process 160 that is
used to determine the geographic locations of mobile wireless
devices may be based on any suitable mechanism for deter-
mining the geographic location of a mobile wireless device
(e.g., based on time-of-arrival (ToA) measurements between
the wireless access node and the mobile wireless device,
based on time difference measurement techniques for locat-



US 9,277,527 B2

5

ing a mobile wireless node using multilateration, or based on
any other suitable mechanism(s)). It also will be appreciated
that implementation of a location determination process 160
that is used to determine the geographic locations of mobile
wireless devices may depend on characteristics of the wire-
less communication network 100, such as the underlying
wireless technology type (e.g., CDMA, UMTS, or the like),
the version of the underlying wireless technology (e.g., Third
Generation, Fourth Generation, or the like), or the like, as
well as various combinations thereof). For example, where
wireless access node 110 is an eNodeB of a 4G LTE wireless
communication network, the location determination process
160 that is used by or for wireless access node 110 may be
implemented using Enhanced-Cell ID (E-CID), which is a
network-based technology that combines Cell ID with Tim-
ing Advance (TA) which measures the distance between wire-
less access node 110 and the mobile wireless device (e.g.,
User Equipment (UE)) in order to increase the level of accu-
racy over basic Cell ID techniques. For example, where wire-
less access node 110 is an eNodeB of a 4G LTE wireless
communication network including other eNodeBs, the loca-
tion determination process 160 that is used by or for wireless
access node 110 may be implemented using Down Link-
Observed Time Difference of Arrival (DL-OTDOA), whichis
a time difference measurement technique for locating a
mobile wireless node using multilateration (also known as
hyperbolic positioning) using three or more eNodeBs in
which the mobile wireless device measures the time-differ-
ence-of arrival (TDOA) of specified Position Reference Sig-
nals (PRS) from wireless access node 110 and two or more
neighboring eNodeBs and the location of the mobile wireless
device is calculated based on the OTDOA measurements and
the geographic location of the wireless access node 110. It
will be appreciated that various other suitable types of loca-
tion determination processes may be used as a location deter-
mination process 160 for determining geographic locations of
mobile wireless devices communicating via wireless access
node 110.

The wireless communication system 100 also includes an
offset determination mechanism that is configured to deter-
mine the offset of the wireless access node 110. In general, the
offset of a wireless access node includes any time delay
imparted to communications traversing the wireless access
node, where the time delay may be due to one or more of
internal communications between elements within the wire-
less access node, one or more environmental factors associ-
ated with the wireless access node, or the like, as well as
various combinations thereof. For example, where wireless
access node 110 is a cellular base station, the offset of wire-
less access node 110 may include a delay resulting from
separation of the global positioning system (GPS) antenna(s)
of'the wireless access node 110 and the cell antenna(s) of the
wireless access node 110. As previously described, most (if
not all) location determination processes which may be used
in order to determine geographic locations of mobile wireless
devices communicating via a wireless access node rely on an
accurate measure of the offset of the wireless access node in
order to accurately determine the geographic locations of
mobile wireless devices communicating via the wireless
access node. As such, the offset of a wireless access node also
may be said to be indicative of communication delay that
negatively impacts accuracy of a location determination pro-
cess used for determining locations of mobile wireless
devices communicating via the wireless access node. Accord-
ingly, as noted above, wireless communication system 100
includes an offset determination mechanism that is config-
ured to determine the offset of wireless access node 110 (e.g.,
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for use by a location determination process 160 associated
with wireless access node 110 to remove, or at least reduce,
the effect of the offset of wireless access node 110 on location
estimates determined for mobile wireless devices communi-
cating via the wireless access node 110). The offset determi-
nation mechanism for wireless access node 110 may be
implemented using an offset determination process available
on the wireless access node (illustratively, offset determina-
tion process 170;,), an offset determination process available
on location based server 130 (illustratively, offset determina-
tion process 170;), or the like, as well as various combina-
tions thereof. The various implementations of the offset deter-
mination mechanism of wireless communication system 110
for determining the offset of wireless access node 110 may be
better understood by considering embodiments of a general
implementation of an offset determination mechanism for a
wireless access node.

In at least some embodiments, an offset determination
mechanism for a wireless access node may be configured to
determine the offset of the wireless access node using a loca-
tion determination process associated with the wireless
access node. In at least some embodiments, an offset deter-
mination mechanism for a wireless access node may be con-
figured to determine the offset of the wireless access node by
determining a known location of a device for a communica-
tion by the device via the wireless access node, determining
an estimated location of the device for the communication by
the device via the wireless access node where the estimated
location of the device is determined using a location determi-
nation process associated with the wireless access node, and
determining the offset of the wireless access node based on
the known location of the device and the estimated location of
the device.

In at least some embodiments, an offset determination
mechanism for a wireless access node may be configured to
determine the offset of the wireless access node using loca-
tion information associated with a set of test communications
initiated from a set of test devices (illustratively, test device
140 and, optionally, one or more additional test devices) to a
set of destination devices (illustratively, destination device
150 and, optionally, one or more additional destination
devices) via the wireless access node. The set of test commu-
nications may include one or more test communications,
although it will be appreciated that the accuracy of the offset
of'the wireless access node may be improved as the amount of
location information increases with increases in the number
of test communications in the set of test communications. In
general, for a given test communication initiated from a given
test device via a wireless access node, the offset determina-
tion mechanism for the wireless access node (1) determines a
known location of the given test device for the given test
communication and (2) determines an estimated location of
the given test device for the given test communication based
on a location determination process associated with the wire-
less access node. The location information (e.g., known loca-
tion or estimated location) for a test communication may be
represented in any suitable format (e.g., as GPS coordinates
or in any other suitable manner for representing geographic
locations). Accordingly, the location information for a set of
test communications may include the known location(s) and
estimated location(s) of the test communication(s) in the set
of test communications (which also may be referred to as
being one or more known/estimated location pairs associated
with one or more test communications in the set of test com-
munications). The offset determination mechanism for the
wireless access node determines the offset of the wireless
access node using the set of location information determined
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based on the set of test communications (e.g., using the
known location(s) and estimated location(s) of the test com-
munication(s) in the set of test communications).

The use of a set of test devices and a set of destination
devices to produce location information for use in determin-
ing an offset of a wireless access node may be performed in
various ways. For example, as depicted in FIG. 1, a single test
device (illustratively, test device 140) may perform three test
communications to the same destination device (illustra-
tively, destination device 150) via wireless access node 110 at
three different geographic locations, thereby producing three
known/estimated location pairs for use by the offset determi-
nation mechanism for the wireless access node 110 in deter-
mining the offset of the wireless access node 110. Similarly,
for example, a single test device may perform twenty test
communications to a single destination device via wireless
access node 110 at twenty different geographic locations,
thereby producing twenty known/estimated location pairs for
use by the offset determination mechanism for the wireless
access node 110 in determining the offset of the wireless
access node 110. Similarly, for example, a single test device
may perform ten test communications to two different desti-
nation devices via wireless access node 110 at five different
geographic locations (e.g., two test communications at each
geographic location to each of the respective destination
devices), thereby producing ten known/estimated location
pairs for use by the offset determination mechanism for the
wireless access node 110 in determining the offset of the
wireless access node 110. Similarly, for example, three test
devices may perform twenty-four test communications to a
single destination device via wireless access node 110 at
twenty-four different geographic locations (e.g., eight test
communications per test device, each directed to the same
destination device), thereby producing twenty-four known/
estimated location pairs for use by the offset determination
mechanism for the wireless access node 110 in determining
the offset of the wireless access node 110. It will be appreci-
ated that various other numbers of test communications, test
locations, test devices, or destination devices may be used to
generate the location information that is processed by the
offset determination mechanism for the wireless access node
110 in order to determine the offset of the wireless access
node 110.

The use of a set of test devices and a set of destination
devices to produce location information for use in determin-
ing an offset of a wireless access node may be implemented in
various ways. The test device(s) may include any type(s) of
device(s) configured for communicating via the wireless
access node. For example, test device 140 (or any other test
device(s) which may be used) may be a cellular telephone, a
smartphone, a tablet computer, a laptop, or the like. The test
communication(s) initiated from the test device(s) may
include any suitable type(s) of communication(s), such as
telephone calls, text messages, establishment of data ses-
sions, transmission of content via data sessions, communica-
tion associated with invocation or use of a service or applica-
tion making use of location based services of wireless
communication system 100, or the like, as well as various
combinations thereof. The destination device(s) may include
any type(s) of device(s) configured for receiving communi-
cations initiated from a test device. For example, destination
device 150 (or any other destination device(s) which may be
used) may be a cellular telephone, a smartphone, a tablet
computer, a laptop, a desktop computer, a wireline telephone,
anetwork device, orthe like. The wireless access node may be
configured to recognize the test communications (e.g., to
distinguish the test communications from other communica-
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tions transported via the wireless access node), such that the
test communications may be processed in order to produce
the location information that is used by the offset determina-
tion mechanism for the wireless access node to determine the
offset of the wireless access node. The wireless access node
may be configured to recognize a test communication based
on one or more of a source of the test communication, an
intended destination of the test communication, a communi-
cation type of test communication, an explicit marking in the
test communication, or the like, as well as various combina-
tions thereof. The wireless access node may be configured to
handle test communications in any suitable manner (e.g.,
performing local processing to prevent forwarding of a test
communication, forwarding a test communication toward an
intended destination device for the test communication, or the
like). The various implementations of an offset determination
mechanism for a wireless access node, for use in determining
the offset of the wireless access node using a location deter-
mination process associated with the wireless access node,
may be better understood by considering wireless access
node 110 of FIG. 1.

In at least some embodiments, the determination of the
offset of wireless access node 110 is performed locally at the
wireless access node 110. In at least some embodiments,
offset determination process 170, of wireless access node
110 is configured to determine a known location of test device
140 for a test communication received from test device 140,
determine an estimated location of test device 140 for the test
communication using the location determination process
160, of wireless access node 110, and determine the offset of
wireless access node 110 based on the known location of test
device 140 and the estimated location of test device. The
offset determination process 170, of wireless access node
110 may determine the known location of a given test device
for a given test communication in any suitable manner (e.g.,
determining the known location from the test communication
where the known location is provided in-band as part of the
test communication, receiving the known location from the
given test device out-of-band via a communication channel
separate from the test communication, or the like). It will be
appreciated that, although primarily described with respect to
embodiments in which wireless access node 110 determines
the offset of wireless access node 110 based on a single test
communication, in at least some embodiments wireless
access node 110 may determine the offset of wireless access
node 110 based on a threshold number of test communica-
tions. In at least some embodiments, the offset determination
process 170, of wireless access node 110 is configured to
initiate use of the determined offset of wireless access node
110 by the location determination process for the wireless
access node 110 (e.g., making the determined offset of wire-
less access node 110 available locally for use by location
determination process 160, of wireless access node 110 in
determining locations of mobile wireless devices communi-
cating via wireless access node 110, providing the determined
offset of wireless access node 110 to location based server
130 for use by location determination process 160, of loca-
tion based server 130 in determining locations of mobile
wireless devices communicating via wireless access node
110, or the like, as well as various combinations thereof).

In at least some embodiments, the determination of the
offset of wireless access node 110 is performed locally at the
location based server 130. In at least some embodiments,
offset determination process 170, of location based server
130 is configured to determine the offset of wireless access
node 110. The offset determination process 170, may deter-
mine the offset of wireless access node 110 responsive to a
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request by wireless access node 110 for location based server
130 to determine the offset of wireless access node 110,
responsive to detection by location based server 130 of a test
communication initiated via wireless access node 110, or the
like, as well as various combinations thereof. In at least some
embodiments, offset determination process 170, of location
based server 130 is configured to determine a known location
of test device 140 for a test communication received at wire-
less access node 110 from test device 140, determine an
estimated location of test device 140 for the test communica-
tion using the location determination process 160, of location
based server 130, and determine the offset of wireless access
node 110 based on the known location of test device 140 and
the estimated location of test device 140. The offset determi-
nation process 170, of location based server 130 may deter-
mine the known location of a given test device for a given test
communication in any suitable manner (e.g., receiving the
known location from the wireless access node 110 as part of
a request by the wireless access node 110 for the location
based server 130 to determine the offset of the wireless access
node 110, determining the known location from the test com-
munication where the known location is provided in-band as
part of the test communication and the location based server
130 receives the test communication, receiving the known
location from the given test device out-of-band via a commu-
nication channel separate from the test communication, or the
like). It will be appreciated that, although primarily described
with respect to embodiments in which wireless access node
110 triggers the request for determination of the offset of
wireless access node 110 based on a single test communica-
tion, in at least some embodiments wireless access node 110
may trigger the request for determination of the offset of
wireless access node 110 based on a threshold number of test
communications. In at least some embodiments, the offset
determination process 170, of location based server 130 is
configured to initiate use of the determined offset of wireless
access node 110 by the location determination process for the
wireless access node 110 (e.g., making the determined offset
of'wireless access node 110 available locally for use by loca-
tion determination process 160, of location based server 130
in determining locations of mobile wireless devices commu-
nicating via wireless access node 110, providing the deter-
mined offset of wireless access node 110 to wireless access
node 110 for use by location determination process 160, of
wireless access node 110 in determining locations of mobile
wireless devices communicating via wireless access node
110, or the like, as well as various combinations thereof).

In at least some embodiments, the determination of the
offset of wireless access node 110 is distributed across the
wireless access node 110 and the location based server 130. In
at least some embodiments, the offset determination process
170, of wireless access node 110 is configured to determine
a known location of test device 140 for a test communication
from test device 140, the offset determination process 170 ,.0f
wireless access node 110 is configured to determine an esti-
mated location of test device 140 for the test communication
using the location determination process 160, of wireless
access node 110, the offset determination process 170, of
wireless access node 110 is configured to provide the known
location and the estimated location to the offset determination
process 170, of location based server 130, and the offset
determination process 170, of location based server 130 is
configured to determine the offset of wireless access node 110
based on the known location and the estimated location. In at
least some embodiments, the offset determination process
170, of wireless access node 110 is configured to determine
a known location of test device 140 for a test communication
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fromtest device 140, the offset determination process 170, 0f
wireless access node 110 is configured to provide the known
location to the offset determination process 170, of location
based server 130, the offset determination process 170, of
location based server 130 is configured to determine an esti-
mated location of test device 140 for the test communication
using the location determination process 160, of location
based server 130, and the offset determination process 170,
of location based server 130 is configured to determine the
offset of wireless access node 110 based on the known loca-
tion and the estimated location. Various other distributions of
such functions are contemplated. It will be appreciated that,
although primarily described with respect to embodiments in
which wireless access node 110 and location based server 130
cooperate to determine the offset of wireless access node 110
for a single test communication, in at least some embodi-
ments wireless access node 110 and location based server 130
may cooperate to determine the offset of wireless access node
110 based on a threshold number of test communications. In
at least some embodiments, one or both of the offset deter-
mination process 170, of location based server 130 or the
offset determination process 170, of wireless access node
110 may be configured to initiate use of the determined offset
of wireless access node 110 by the location determination
process for the wireless access node 110.

In at least some embodiments, the offset determination
mechanism of wireless communication system 100 may be
configured to determine the offset of wireless access node 110
based on X(1)=D(1)+dD+dx(i), where D(i) is the known loca-
tion of the test device 140 for the test communication 1, X(i)
is the estimated location of the test device 140 for the test
communication i, dD is the offset for the wireless access node
110, and dx(i) is the random error for the test communication.
It is noted that the index i corresponds to the test communi-
cation for which the offset for the wireless access node 110
(i.e., dD) is being determined, where i may be equal to or
greater than one (indicative of one or more test communica-
tions in the set of test communications). It is noted that this
equation allows for random errors in use of a location deter-
mination process 160 associated with wireless access node
110 to determine the estimated location of the test device 140
for the test communication. In at least some embodiments, the
random error dx(i) for the test communication may be mod-
eled as a random process (e.g., a Gaussian random process or
any other suitable type of random process). In at least some
embodiments, an estimator (e.g., a Maximum Likelihood
Estimator (MLE) or other suitable type of estimator) may be
used to estimate the random error dx(i) for the test commu-
nication. As previously indicated, it is expected that the deter-
mined offset of the wireless access node 110 (i.e., dD) will
converge toward the actual offset of the wireless access node
110 with increases in the set of location information resulting
from increases in the set of test communications (e.g., the
determined offset of the wireless access node 110 is expected
to converge toward the actual offset of the wireless access
node 110 within a reasonable margin of error given a reason-
able set of location information produced by a reasonable set
of test communications).

As discussed above, the determined offset of a wireless
access node may be used to calibrate or recalibrate a location
determination process associated with the wireless access
node. The determined offset of the wireless access node may
be used to perform an initial calibration of the wireless access
node prior to deployment of the wireless access node, to
perform an initial calibration of the wireless access node after
deployment of the wireless access node but prior to in-service
use of the wireless access node, to periodically recalibrate the
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wireless access node, to recalibrate the wireless access node
responsive to a detected condition, or the like, as well as
various combinations thereof. The determined offset of the
wireless access node may be used to adapt the operation of the
location determination process associated with the wireless
access node. The determined offset of the wireless access
node may be used by the location determination process
associated with the wireless access node in determining loca-
tions of mobile wireless devices communicating via the wire-
less access node. The determined offset of the wireless access
node may be used by a location determination process asso-
ciated with the wireless access node the next time the location
determination process associated with the wireless access
node is used to determine an updated offset for the wireless
access node. The determined offset of a wireless access node
may be used in various other ways to improve the operation of
the wireless access node, to improve the operation of a loca-
tion determination process associated with the wireless
access node, or the like, as well as various combinations
thereof.

As discussed above, the offset determination mechanism
of wireless communication system 100 is configured to pro-
cess location information associated with a set of test com-
munications performed via wireless access node 110 in order
to determine the offset of the wireless access node 110. In at
least some embodiments (an exemplary embodiment is
depicted and described with respect to FIG. 2), the offset
determination mechanism may be configured to determine
the offset of the wireless access node 110 as each known/
estimated location pair is determined (e.g., for each test com-
munication). In at least some embodiments (an exemplary
embodiment is depicted and described with respect to FIG.
3), the offset determination mechanism may be configured to
determine the offset of the wireless access node 110 after the
set of location information, for the associated set of test
communications to be used in determining the offset of the
wireless access node, is determined. It will be appreciated
that various combinations of such location information pro-
cessing may be used by the offset determination mechanism
in order to determine the offset of the wireless access node
110.

FIG. 2 depicts an embodiment of a method for determining
an offset of a wireless access node. It will be appreciated that,
although primarily depicted and described herein as being
performed serially, at least a portion of the steps of method
200 of FIG. 2 may be performed contemporaneously or in a
different order than depicted in FIG. 2.

At step 201, method 200 begins.

At step 210, a known location of a test device, for a com-
munication received at the wireless access node from a test
device, is determined. The communication may be a first
communication or a next communication, depending on the
number of communications used for determining the offset of
the wireless access node.

At step 220, an estimated location of the test device, for the
communication received at the wireless access node from the
test device, is determined based on a location determination
process associated with the wireless access node.

At step 230, an offset of the wireless access node is deter-
mined based on the known location of the test device and the
estimated location of the test device. The determination of the
offset of the wireless access node may be an initial determi-
nation of the offset of the wireless access node, a refinement
of an existing offset of the wireless access node, or the like.

At step 240, a determination is made as to whether an
additional communication is to be used in further determin-
ing/refining the offset of the wireless access node. Inresponse
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to a determination that an additional communication is to be
used in further determining/refining the offset of the wireless
access node, method 200 returns to step 210. It will be appre-
ciated that, given that it may be desirable to further refine the
offset of the wireless access node using communications
from multiple geographic locations, there may be a delay
between execution of step 240 and the return to step 210 (e.g.,
where the same test device is being used and the test device
moves or is moved to a new location prior to initiation of the
next communication received at step 210, where multiple test
devices are being used, or the like). In response to a determi-
nation that the offset of the wireless access node is not to be
further determined/refined, method 200 proceeds to step 299,
where method 299 ends.

At step 299, method 200 ends.

FIG. 3 depicts an embodiment of a method for determining
an offset of a wireless access node. It will be appreciated that,
although primarily depicted and described herein as being
performed serially, at least a portion of the steps of method
300 of FIG. 3 may be performed contemporaneously or in a
different order than depicted in FIG. 3.

At step 301, method 300 begins.

At step 310, a set of location information is determined for
the wireless access node. The set of location information
includes, for each of one or more communications performed
via the wireless access node, a known location of a test device
for the communication performed using the wireless access
node and an estimated location of the test device for the
communication performed using the wireless access node. As
previously described, the set of location information may be
determined based on communications initiated using one or
more test devices.

At step 320, an offset of the wireless access node is deter-
mined based on the set of location information (e.g., based on
each of the pairs of known and estimated locations of the set
oflocation information). For example, the pairs of known and
estimated locations may be processed separately to determine
respective offset values and the offset values may then be
averaged to arrive at a final offset that is based on the set of
location information. For example, the pairs of known and
estimated locations may be processed together to arrive at a
final offset that is based on the set of location information.
The set of location information may be processed in other
ways to determine a final offset that is based on the set of
location information.

At step 399, method 300 ends.

FIG. 4 depicts a high-level block diagram of a computer
suitable for use in performing functions described herein.

The computer 400 includes a processor 402 (e.g., a central
processing unit (CPU) and/or other suitable processor(s)) and
a memory 404 (e.g., random access memory (RAM), read
only memory (ROM), and the like).

The computer 400 also may include a cooperating module/
process 405. The cooperating process 405 can be loaded into
memory 404 and executed by the processor 402 to implement
functions as discussed herein and, thus, cooperating process
405 (including associated data structures) can be stored on a
computer readable storage medium, e.g., RAM memory,
magnetic or optical drive or diskette, and the like.

The computer 400 also may include one or more input/
output devices 406 (e.g., a user input device (such as a key-
board, a keypad, a mouse, and the like), a user output device
(such as a display, a speaker, and the like), an input port, an
output port, a receiver, a transmitter, one or more storage
devices (e.g., a tape drive, a floppy drive, a hard disk drive, a
compact disk drive, and the like), or the like, as well as various
combinations thereof).
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It will be appreciated that computer 400 depicted in FIG. 4
provides a general architecture and functionality suitable for
implementing functional elements described herein and/or
portions of functional elements described herein. For
example, computer 400 provides a general architecture and
functionality suitable for implementing one or more of wire-
less access node 110, location based server 130, test device
140, destination device 150, or the like.

It will be appreciated that the functions depicted and
described herein may be implemented in software (e.g., via
implementation of software on one or more processors, for
executing on a general purpose computer (e.g., via execution
by one or more processors) so as to implement a special
purpose computer, and the like) and/or may be implemented
in hardware (e.g., using a general purpose computer, one or
more application specific integrated circuits (ASIC), and/or
any other hardware equivalents).

It will be appreciated that some of the steps discussed
herein as software methods may be implemented within hard-
ware, for example, as circuitry that cooperates with the pro-
cessor to perform various method steps. Portions of the func-
tions/elements described herein may be implemented as a
computer program product wherein computer instructions,
when processed by a computer, adapt the operation of the
computer such that the methods and/or techniques described
herein are invoked or otherwise provided. Instructions for
invoking various methods described herein may be stored in
fixed or removable media, transmitted via a data stream in a
broadcast or other signal bearing medium, and/or stored
within a memory within a computing device operating
according to the instructions.

It will be appreciated that the term “or” as used herein
refers to a non-exclusive “or,” unless otherwise indicated
(e.g., use of “or else” or “or in the alternative™).

It will be appreciated that, although various embodiments
which incorporate the teachings presented herein have been
shown and described in detail herein, those skilled in the art
can readily devise many other varied embodiments that still
incorporate these teachings.

What is claimed is:

1. An apparatus, comprising:

a processor and a memory communicatively connected to

the processor, the processor configured to:

determine a known location of a device for a communi-
cation received at a wireless access node from the
device, wherein an offset of the wireless access node
is indicative of a time delay imparted to communica-
tions traversing the wireless access node;

determine an estimated location of the device for the
communication received at the wireless access node
from the device, wherein the estimated location of the
device is determined based on a location determina-
tion process associated with the wireless access node,
wherein the location determination process is config-
ured to determine the estimated location of the device
based on a current offset of the wireless access node;
and

determine a new offset of the wireless access node based
on the known location of the device and the estimated
location of the device.

2. The apparatus of claim 1, wherein the processor is con-
figured to determine the known location of the device for the
communication from information included within the com-
munication or based on receipt of the known location from the
wireless access node.

3. The apparatus of claim 1, wherein the processor is con-
figured to determine the estimated location of the device for
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the communication based on execution of the location deter-
mination process at the wireless access node or based on
execution of the location determination process at a location
based server associated with the wireless access node.

4. The apparatus of claim 1, wherein the processor is con-
figured to determine the new offset of the wireless access
node based on X=D+dD+dx, wherein:

D is the known location of the device for the communica-

tion received at the wireless access node from the device;

X is the estimated location of the device for the communi-

cation received at the wireless access node from the
device;

dD is the current offset of the wireless access node; and

dx is an error for the communication received at the wire-

less access node from the device.

5. The apparatus of claim 4, wherein the error for the
communication received at the wireless access node from the
device is a random error modeled based on a random process.

6. The apparatus of claim 1, wherein the processor is con-
figured to:

execute the location determination process using the new

offset of the wireless access node.

7. The apparatus of claim 1, wherein the apparatus is the
wireless access node or a location based server associated
with the wireless access node.

8. A method, comprising:

using a processor and a memory for:

determining a known location of a device for a commu-
nication received at a wireless access node from the
device, wherein an offset of the wireless access node
is indicative of a time delay imparted to communica-
tions traversing the wireless access node;

determining an estimated location of the device for the
communication received at the wireless access node
from the device, wherein the estimated location of the
device is determined based on a location determina-
tion process associated with the wireless access node,
wherein the location determination process is config-
ured to determine the estimated location of the device
based on a current offset of the wireless access node;
and

determining a new offset of the wireless access node
based on the known location of the device and the
estimated location of the device.

9. The method of claim 8, wherein the known location of
the device for the communication is determined from infor-
mation included within the communication or based on
receipt of the known location from the wireless access node.

10. The method of claim 8, wherein the estimated location
of the device for the communication is determined based on
execution of the location determination process at the wire-
less access node or based on execution of the location deter-
mination process at a location based server associated with
the wireless access node.

11. The method of claim 8, wherein the new offset of the
wireless access node is determined based on X=D+dD+dx,
wherein:

D is the known location of the device for the communica-

tion received at the wireless access node from the device;

X is the estimated location of the device for the communi-

cation received at the wireless access node from the
device;

dD is the current offset of the wireless access node; and

dx is an error for the communication received at the wire-

less access node from the device.
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12. The method of claim 11, wherein the error for the
communication received at the wireless access node from the
device is a random error modeled based on a random process.

13. The method of claim 8, further comprising:

executing the location determination process using the new

offset of the wireless access node.
14. The method of claim 8, wherein the method is executed
by the wireless access node or a location based server asso-
ciated with the wireless access node.
15. A non-transitory computer-readable storage medium
storing instructions which, when executed by a computer,
cause the computer to perform a method, the method com-
prising:
determining a known location of a device for a communi-
cation received at a wireless access node from the
device, wherein an offset of the wireless access node is
indicative of a time delay imparted to communications
traversing the wireless access node;
determining an estimated location of the device for the
communication received at the wireless access node
from the device, wherein the estimated location of the
device is determined based on a location determination
process associated with the wireless access node,
wherein the location determination process is config-
ured to determine the estimated location of the device
based on a current offset of the wireless access node; and

determining a new offset of the wireless access node based
on the known location of the device and the estimated
location of the device.

16. The non-transitory computer-readable storage medium
of claim 15, wherein the known location of the device for the
communication is determined from information included
within the communication or based on receipt of the known
location from the wireless access node.
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17. The non-transitory computer-readable storage medium
of claim 15, wherein the estimated location of the device for
the communication is determined based on execution of the
location determination process at the wireless access node or
based on execution of the location determination process at a
location based server associated with the wireless access
node.

18. The non-transitory computer-readable storage medium
of claim 15, wherein the new offset of the wireless access
node is determined based on X=D+dD+dx, wherein:

D is the known location of the device for the communica-

tion received at the wireless access node from the device;

X is the estimated location of the device for the communi-

cation received at the wireless access node from the
device;

dD is the current offset of the wireless access node; and

dx is an error for the communication received at the wire-

less access node from the device.

19. The non-transitory computer-readable storage medium
of claim 18, wherein the error for the communication received
at the wireless access node from the device is a random error
modeled based on a random process.

20. The non-transitory computer-readable storage medium
of claim 15, the method further comprising:

executing the location determination process using the new

offset of the wireless access node.

21. The non-transitory computer-readable storage medium
of claim 15, wherein the computer-readable storage medium
is configured to be disposed within the wireless access node
or a location based server associated with the wireless access
node.



